Breastfeeding improves infant survival through the passage of maternal antibodies and superior nutritional composition compared with formula. 1, 2 Smoking during pregnancy is associated with multiple adverse fetal outcomes, including low birth weight, preterm delivery, and increased risk for neonatal respiratory distress. Secondhand smoke exposure during infancy has been implicated in higher rates of respiratory infections, early-onset wheezing and asthma, and sudden infant death syndrome. [3] [4] [5] [6] Breastfeeding modifies the effects of smoking during pregnancy and protects infants from conditions whose incidence is known to be associated with exposure to tobacco smoke during the postpartum period. 1, 2 Consequently, smoking assessment and cessation counseling are important components of prenatal care. The decisions to continue smoking during and after pregnancy and the extent to which those decisions affect breastfeeding can further increase the risk for development of adverse outcomes during the first year of life.
Women who smoke are less likely to breastfeed than those who do not smoke. Many hypotheses have explored the association between smoking and breastfeeding, including biological mechanisms (eg, nicotine effects on dopamine and prolactin 7, 8 ) and sociobehavioral factors (eg, education, marital status, employment), and intention to breastfeed. [9] [10] [11] Many studies of the association between smoking and breastfeeding have been conducted among populations with high breastfeeding rates and low prevalence of smoking during pregnancy or after delivery. [12] [13] [14] [15] [16] Our study used a population-based survey to describe the association between smoking status and breastfeeding in a setting where breastfeeding initiation is comparatively low (67.3% in Missouri vs 73.8% in the United States), 17 and smoking during pregnancy is high (18.1% in Missouri vs 10.2% in the United States). 18, 19 We also described other factors that are associated with breastfeeding initiation and duration.
METHODS
The Missouri Pregnancy Related Assessment and Monitoring System, a population-based survey that was conducted statewide during 2005, collected detailed prenatal, intrapartum, and postpartum information from women who recently gave birth to a live infant in Missouri. The survey was modeled after the Pregnancy Risk Assessment and Monitoring System sponsored by the Centers for Disease Control and Prevention [20] [21] [22] and was approved by the institutional review board at the Missouri Department of Health and Senior Services.
Each month, a systematic, stratified, random sample of 250 mothers was drawn from births that had occurred during the previous 2 to 6 months, as recorded in the Missouri Live Birth Registry. Infants with low birth weight (Ͻ2500 g) and infants whose mother lived in a rural area were oversampled to ensure that these populations were adequately represented, because low birth weight and access to care associated with rural residence have been found to be associated with a number of other exposure and outcome measures. 3, 5, 20 Survey questionnaires were mailed to the sampled mothers. For nonresponders, up to 2 additional questionnaires were sent approximately every 2 weeks. At least 15 attempts were made to contact by telephone those who did not respond to any of the mailed questionnaires. The completed surveys were then linked to birth certificate data.
Responses were weighted for nonresponse, stratifying variables that were used for oversampling and noncoverage (ie, live births that had not been captured by the birth registry at the time of sampling). 22 All analyses were conducted by using the survey analysis procedures in SAS (SAS Institute, Inc, Cary, NC) and SUDAAN (Research Triangle Institute, Research Triangle Park, NC) to account for the complex sampling design.
Women were asked whether they had smoked Ն100 cigarettes during the 2 years before their most recent pregnancy. Nonsmokers were women who had not smoked Ն100 cigarettes during the previous 2 years or who reported that they had not smoked during the 3 months before pregnancy, the last 3 months of pregnancy, and at the time of the survey (after delivery). Smoking status was categorized as quit during pregnancy, light smoker (smoked Յ10 cigarettes per day during or after pregnancy), and moderate/heavy smoker (smoked Ͼ10 cigarettes per day during or after pregnancy). Of those who were classified as light or heavy/moderate smokers, 114 (20%) were women who reported that they had quit smoking during pregnancy (third trimester) but relapsed in the postpartum period; they were classified as either moderate/heavy or light smokers on the basis of their smoking behavior at the time of the survey.
Breastfeeding initiation was determined by a positive response to the question, "Did you ever breastfeed your infant?" Among those who had ever breastfed, breastfeeding duration was determined by subtracting the date of birth from the date of the survey for those who indicated that they were still breastfeeding at the time of the survey. When the mother reported she was no longer breastfeeding, the duration reported by the mother was used. Breastfeeding initiation and duration were not restricted to exclusive breastfeeding. Other questions included attitude toward breastfeeding and reasons for not breastfeeding or stopping breastfeeding.
Multivariable binomial regression was used to calculate the adjusted prevalence ratio (aPR) and 95% confidence interval (CI) for failure to initiate breastfeeding in relation to smoking status and to assess potential confounding and effect modification according to sociodemographic variables (race, education, maternal age, and Medicaid) and other variables (presence of another smoker in the household, alcohol use, first trimester prenatal care, prepregnancy BMI, mode of delivery, prolonged infant hospitalization, or ICU). Kaplan-Meier plots and Cox proportional hazards modeling were used to evaluate the association between smoking status and duration of breastfeeding among mothers who initiated breastfeeding. We used the proportional hazards model to evaluate the association between breastfeeding duration and smoking, rather than using binomial regression to model early weaning, so that all available information could be used. 14, 16, 23 The assumption of proportional hazards was evaluated by including interaction terms between covariates and the logarithm of time in the Cox model.
Mothers who reported still breastfeeding at the time of the survey and those with breastfeeding duration Ͼ32 weeks were censored in the survival analysis because few observations remained in each of the categories beyond that time. Only mothers whose infants were alive at the time of the survey were included in the analysis. Observations with missing values for the dependent variable were excluded; observations with missing values in any of the independent variables were retained by specifying an unknown category for each variable and including these in the final model as separate dummy variables.
The AFLOGIT command in Stata (Stata Corp LP, College Station, TX) was used to calculate the adjusted population attributable fraction (aPAF) and 95% CI of not initiating breastfeeding from smoking. An approximate weight was used in AFLOGIT to incorporate population weight and design effect. Smoking at any level before, during, or after pregnancy was used as the definition for smoking. 24 
RESULTS
Of 3000 women sampled, 1488 responded to the mailed surveys and 301 responded to the telephone followup, for a total of 1789 respondents (weighted response rate: 61%). Surveys with certain missing data and those that were completed by mothers whose infant had died were excluded, leaving 1748 respondents. Survey respondents were significantly more likely to have a normal birth weight infant; to be white, married, and older; and to have a higher attained education level compared with nonrespondents (P Ͻ .01; data not shown). The median time to complete the survey was 21.6 weeks (range: 7.9 -55.4 weeks). Noninitiation of breastfeeding was more common for women who smoked or who lived with someone who smoked, women aged Ͻ20, those who had Ͻ12 years of formal education, those who had Medicaid at delivery, and those who were not married (Table 1) .
Multivariable binomial regression analysis of the association between breastfeeding initiation and smoking status (Table 2) Interactions were assessed by using 2-way product terms in the binomial regression model; none of the terms was statistically significant (P Ͼ .05).
The Kaplan-Meier survival curve (Fig 1) demonstrated that, compared with nonsmokers, moderate/heavy smokers had the steepest decline in breastfeeding after delivery, such that by 6 weeks after delivery, only 44% of the women in this group who initiated breastfeeding continued to breastfeed their infants. Light smokers and smokers who quit during pregnancy also weaned their infants sooner than nonsmokers.
When the data were analyzed by using Cox proportional hazards modeling, controlling for the same covariates as in the binomial regression model, moderate/heavy smokers, light smokers, and smokers who quit during pregnancy were significantly more likely than nonsmokers to wean their infants at any given time during the follow-up period, with adjusted hazards ratios (aHRs) of 1.9 (95% CI: 1.4 -2.7), 1.7 (95% CI: 1.3-2.4), and 1.6 (95% CI: 1.1-2.6), respectively ( Table 2) . Being unmarried (aHR: 1.4 [95% CI: 1.1-1.9]), having a prepregnancy BMI Ն30 (aHR: 1.4 [95% CI: 1.1-1.9]), and being a young mother (Ͻ20 years of age at delivery; aHR: 1.4 [95% CI: 0.9 -2.0]) were also associated with quicker weaning. Interaction terms between covariates and the logarithm of time in the Cox model did not reach the recommended level of statistical significance for in-teraction (P Ͼ .01) 25 ; therefore, we considered that the proportional hazards assumption was satisfied.
When we analyzed the data regarding the self-reported intention to breastfeed and reasons for not initiating breastfeeding and for stopping breastfeeding, the proportion of nonsmokers who reported that they knew that they would breastfeed (65.4%) was significantly greater than that reported by smokers who quit during pregnancy (48.40%), light smokers (48.6%), and moderate/heavy smokers (43.9%; Table 3). Breastfeeding intention before the birth of an infant was significantly correlated with actual breastfeeding ( ϭ 0.8; P Ͻ .0001). No statistically significant differences existed between the smoking categories in the proportions of women who indicated reasons for not initiating breastfeeding or reasons for ceasing breastfeeding. For nonsmokers, light smokers, and moderate/heavy smokers, the most common reason for not breastfeeding was "not liking breastfeeding." After "other," the next most common reason for not breastfeeding was "having to return to school or work" (nonsmokers and light smokers) or "having another child to care for" (moderate/heavy smokers). The 2 most common reasons for stopping breastfeeding for all groups were either believing that they "did not produce enough breast milk" or "breast milk alone did not satisfy infant." "Difficulty nursing" was the third most common reason to wean for nonsmokers, whereas having to return to school or work was the third most common reason given by both light and moderate/heavy smokers ( Table 3 ).
The aPAF was calculated for each of the study variables in the models. The aPAF for smoking (11.9% [95% CI: 0.3%-22.1%]) was the only factor that was statistically significant.
DISCUSSION
Our study provides evidence that moderate/heavy and light smoking during the postpartum period were associated with failure to initiate breastfeeding. For mothers who initiated breastfeeding, postpartum smoking was also associated with weaning sooner, compared with women who did not smoke. These findings are consistent with other, recently published studies. 12, 14, 15 The magnitudes of association in our study were similar to those observed in a study that used the same methods (Oregon Pregnancy Risk Assessment and Monitoring System), despite Missouri's having a substantially lower breastfeeding prevalence and higher prevalence of maternal smoking than Oregon. 15, 18 The presence of another person in the home who smoked was also strongly associated with failure to breastfeed, a finding that is consistent with previous studies in which the presence of a partner or other person in the household who smoked was demonstrated to be associated with both the higher likelihood that women will continue to smoke during pregnancy and the lower likelihood that women will initiate breastfeeding. 15, 26, 27 Receiving Medicaid at delivery was also significantly associated with not breastfeeding, perhaps serving as a proxy for lower socioeconomic status. Other factors, such as having Ͻ12 years of education and being unmarried, might indicate a lack of social support mechanisms and greater risks for adverse birth outcomes, although they were not statistically significant. 10, 27, 28 These socioeconomic factors help to identify other women in Missouri who are at greater risk for choosing not to breastfeed.
Breastfeeding requires a high level of commitment to be successful. 9 Women who smoke might be less willing or less able to make that commitment 21 ; however, we identified no statistically significant difference between women of different smoking categories with regard to the reasons for not initiating breastfeeding or the reasons for ceasing to breastfeed. As with other health behaviors, the complex interplay among sociodemographic, economic, and behavioral factors with regard to breastfeeding has been extensively studied; however, variation exists in the results of these studies. 10, [29] [30] [31] The finding that the most common reason not to breastfeed was that women did not like breastfeeding might indicate a lack of commitment to initiate breastfeeding; however, there was no difference between women who smoked and women who did not with regard to not liking breastfeeding. If intention to breastfeed could be considered an indicator of commitment to breastfeed, then the high concordance between intention to breastfeed and initiation of breastfeeding provides additional evidence of the importance of planning and committing to breastfeed. Additional qualitative study to identify motivational factors and ways to overcome barriers to breastfeeding that stem from personal preferences may be helpful in supporting women to choose to breastfeed.
Previous studies suggested a biological mechanism whereby smoking could affect breastfeeding duration by demonstrating decreased prolactin production in women who smoke compared with nonsmokers. 8, 32 Smoking mothers of preterm infants also expressed less milk volume and had lower fat content in their milk than nonsmoking mothers. 7 The differences in milk production between the 2 groups were significant at 4 and 6 weeks after delivery but not at 2 weeks after delivery, which supports the obser- vation of earlier weaning among mothers who smoke but does not explain differences in breastfeeding initiation.
Societal barriers may also inhibit women who smoke from breastfeeding. One qualitative study described how women who smoked during pregnancy felt criticized by health care providers for continuing to smoke while pregnant or breastfeeding and were less likely to admit tobacco use or to access smoking-cessation programs. When persistent or relapsed smokers considered breastfeeding, they reported feeling guilty about giving their infant breast milk that contained nicotine and the negative impact of criticism by health care providers, friends, or family. Thus, although some women who smoke during pregnancy may desire to quit or may still desire to breastfeed, not all are able to achieve success. 33 This study had several limitations. First, there were significant differences with regard to low birth weight, race, marital status, age, and years of formal education between survey respondents and nonrespondents. Despite our effort to weight the data, bias likely still existed, which might have led to an underestimation of the effect of these variables in our models. Second, selected variables that are known to be associated with the likelihood of breastfeeding (eg, mother's return to work, previous employment status) 34 could not be assessed with the available data. In future surveys, such questions should be asked of all respondents, not just of those who initiated breastfeeding. Postpartum depression is another factor that has been associated with both breastfeeding and smoking, 3, 35 but this was not available in this study. Another limitation is that some of the women (20%) who were classified as light or moderate/ heavy smokers had quit for some period of time during pregnancy but relapsed after delivery. The timing of their relapse was not assessed by the survey; therefore, we cannot know for certain whether it was smoking relapse or other factors that interfered with breastfeeding initiation and duration. In a separate analysis (data not shown), we considered alternative smoking categorizations, separating relapsed smokers (women who quit smoking during pregnancy but resumed smoking after delivery) from persistent smokers (women who smoked throughout pregnancy and after delivery). In that analysis, relapsed smokers seemed very similar to persistent smokers in terms of the proportion who initiated breastfeeding and the duration of breastfeeding and the distribution of other characteristics. Finally, our study lacked the ability to verify biologically self-reported smoking status. Although this may have caused an underestimation of the association of smoking and breastfeeding, the use of self-administered questionnaires or telephone-administered surveys has been shown to provide valid information for certain exposures (eg, use of tobacco, alcohol, and drugs). 36 
CONCLUSIONS
The findings from this study add to the growing evidence that postpartum smoking status is an important factor associated with the initiation of breastfeeding and the length of time that women continue to breastfeed. These results can assist maternal and child health programs to focus on the importance of assessing women's smoking status and making appropriate referrals for smoking cessation. Strengthening smoking-cessation services that target pregnant women and women of childbearing age before they become pregnant will be important to reduce the harmful effects of tobacco smoke in utero. These results can also help plan breastfeeding promotion activities by identifying women who are less likely to initiate or maintain breastfeeding as recommended. Reducing smoking during the perinatal period to remove 1 additional barrier to successful breastfeeding has been suggested by other studies 33, 37 ; we estimate that such reduction in smoking could address 11.9% of the prevalence of not initiating breastfeeding in this population. Studies such as ours are useful in monitoring population-based smoking and breastfeeding trends over time to demonstrate the gains in breastfeeding that may be attributable to successful smoking-cessation efforts.
